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The Bevatron, a proton synchrotron of 6.2 GeV energy with a long history of research in elementary particle physics, has recently been modified to accelerate heavy ions to very high energies. After a month of intensive exploration of the capability of this machine, we have verified the predictions that it has potential in several fields of physics, in biology, and in medical research. So far, deuterons, alpha particles, and nitrogen ions have been accelerated and extracted from the machine; experiments in radiobiology and in physics are under way using the nitrogen ions ( 1) . Table I gives the energy and fluxes of the extracted heavy-ion beams. For con;parison, the usual extracted prqton beam is 3X 10 12 particles per pulse.
At the Princeton particle accelerator similar efforts are under way; they also have accelerated nitrogen ions to 0.280 GeV/nucleon.
The duoplasmatron source normally used to produce protons could be used without difficulty in forming the 2 H+ and 4 He + 2 ions. But since these ions have only one-half the charge-to-mass ratio of protons, they are not accelerated in the usual (1 f3A.) mode in the injecting linear accelerator, which is de signed for 20-Me V protons. Instead, they are accelerated in the 2 f3A. mode, which is only one-tenth as efficient, to 5 MeV/nucleon--or to one-half the velocity of protons. In the 2 f3A.
mode, the ions take two rf periods to pass from one drift tube to the next; their lower velocity (compared with protons) requires that the starting frequency of the Bevatron accelerating system be reduced by ,_, one-half. Fortunately, this capability had already been built into the original conservative de sign. Beams are extracted from the Bevatron by utilizing a resonance of the radial (betatron) motion of the particles, which is driven by a controlled magnetic-field perturbation. This method depends on the fact that a magnetic field causes the same deflection for all particles of the same rigidity B p (the guidefield·multiplied by the radius of curvature of the beam). Hence for an extraction scheme employing only magnetic fields, the setting of the currents is entirely prescribed by the rigidity of the particles. Therefore, once the extraction and beam-guiding systern has been set up for protons or alphas, it will be equally correct for nitrogen ions of the same rigidity. Beams of energies above 1 BeV/ nucleon can at pre sent be extracted with 50 to 70o/o efficiency.
Heckman et al. have unambiguously identified the nitrogen ions by using a solid-state counter telescope (2) . The quantity measured by this particle identifier is the profile of the energy loss along the partide's path through the detector system. We found the beam to have some contamination ( < So/o) of singly and doubly charged ions resulting from breakup of nitrogen ions by restrictive apertures. We are now making a study to improve our high-energy heavy-ion The fragmentation of nuclei is not only of basic interest to nuclear physics, but it is of key importance to the central problems of cosmic-ray physics: namely, the sources and initial composition of the cosmic rays, their acceleration mechanisms, and transformation by fragmentation in the interstellar gas. It is from the latter phenomenon that the "age(s)" of cosmic rays are deduced. An important aspect of such a program of research is that it inter-relates more closely accelerator physics with cosmic-ray research and high-energy astrophysics. The experimental results we report here are, of course, a very modest beginning in this new area of physics research.
The particle-identification system that was used to carry out the experiments is one that has been recently developed in a joint effort by the I~wrence Berkeley Laboratory and Space Sciences Laboratory, both of the University of California, Berkeley. Briefly, the particle identifier is a 9-element counter telescope consisting of lithium-drifted silicon detectors, 3 and 5 mm thick, 2.5 em. in diameter. The pulseheight (i.e., energy-loss) information obtained from each detector is recorded on magnetic tape and processed initially by an on-line PDP-8 was to place a target (we used c, CH2, and Pb, 4 to 7 gm/cm ) at ~ocus F 1 (1), the particle identi~ier at ~ocus F 2 , and to use the external beam channel as a magnetic spectrometer to examine the rigidity spectra o~ the ~ragmentation productso The distance between the target and particle of about 15% of the plateau. The sharp rise of the Bragg ionization peak will allow us in the future to produce deep lesions at specific locations inside the human body, as required by therapeutic need, with minimal hazard for hemorrhage. The Bragg ratio (ratio of ionization peak to plateau) is significantly better than that of high-energy protons, deuterons, or helium ions currently available in some laboratories.
We have reached an interesting conclusion that ionization due to generated secondary particles, predominantly fast protons and helium ions and less frequent heavier fragments, is quite low and should not creation o K may occur y rea own o cosmic-ray nuc e1 1n the ca ciumiron groups .
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